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MAGNETIC AND ELECTRICAL PROPERTIES OF UHODUM(I11)OXIDE(1 I)

H. Leiv8, R. Kershaw, K. Dwight. and A. Vold
Department of Chemistry, Brown University

Providence, Rhode Island 02912

ABSTRACT:
Rh20 (III) crystallizes with an orthorhombic corundum-related
structure and is Pauli paramagnetic. Its electrical behavior
is characterized by a small activation energy, and the Seebeck
coefficient indicates p-type conduction. This oxide may be
considered as a semimetal, and its properties are discussed in
terms of face and edge sharing of RhO6 octahedra.

Introduction

The synthesis and crystallographic properties of the compounds
belonging to the Rh-O system have been the subject of numerous studies (1-8).
It has been found that three rhodium(II) oxides can exist uhder different
conditions: the low temperature, low pressure form (Rh2O3 ( I)); a high
temperature, high pressure structure (Mh20 3 (11)); and a high temperature,
ambient pressure compound (Rh 2 3 (1II)

Rh203 (l) has been obtained when rhodium compounds such as the
hydrous oxide, nitrate, sulfate, or chloride are decomposed between 600-7SOC
(1-3). The resulting product crystallizes with the corundum structure, and
when this phase is heated between 7S0-1000*C, it transforms irreversibly to
0203 (11), which is more thermally stable. The phase Rh203(l1) has also
been prepared by direct oxidation of rhodium metal (2,S). A major difficulty
in obtaining pure samples of Rh203(011) is its tendency to dissociate at
relatively low temperature. The decomposition temperature depends on the
oxygen pressure, and decreases from 1130"C at 760 torr, to 900C at 10 torr
(3). In a reducing atmosphere, this oxide decomposes readily to rhodium
metal at about 100-ISO C'(3). Rhodium(IlI)oxide(IlI) crystallizes with an



Orthorhambic corundmu-related structure (space group Pbca) (S). th,0 3 (lJ)
has been obtained by heating rhodium oxide (produced by heating rhocium(Jli)
chloride in air at 8009C) at 1 00-1SOO"C sod 6S kb pressure (6).

Although Rh,0 3 (l) and kh*03 (11l) are the most comao forms of the
rhodium(lIJ) oxides, their magnatic a electronic properties have not been
completely determined. Mhodium(lIl)oxide(ll) has been reported to be a
semiconductor with a room temperature rvsistivity of 130 0-ca and an activa-
tion energy of 0.16 (6). but the nature of this behavior has not been
explained.

In this study, 11h.4 3 (111) was prepared and characteri:ed with
regard to its crystallographic, magnetic, and electrical properties.

Synthesis

lhodi=(l)oxide(lII) was prepared by the oxidation of finely
divided rhodium metal (btgelhard Inc. 99.99) in an oxygen atmosphere at
800*C until constant weight was obtained. A silica tube was used to contain
the rhodium powder. The product was ground each day in an agate mortar, and
then reheated. After the last hosting, the compound was allowed to cool
slowly to room temperature. The metal-to-oxygen ratio was determined by
reduction of the final product at 900C with a mixture of 8SI argon - IS%
hydrogen. The oxygen content obtained was 18.9 weight percent. which corre-
sponds to the composition 0s 2 3 .

Discs of Aih203('f ) were made by pressing aliquots of the poly-
crystalline material at SO kb for 30 minutes at 6S00C. Under these condi-
tions, only Ms201(111) exists, since th203(lI) requires higher temperatures
and pressure to tor. After pressing, the discs were cooled slowly, trans-
ferred to a silica tube, and annealed in air for six days at 6009C to ensure
re"idation of any rbodis. metal which might have been formed during the
sincering process. The discs were then examined by x-ray analysis in order
to confirm the existence of pure, homo e s 2 (illl). No chances of the
diffraction patterns were observed when comared to the starting polycrystal-
line %23(111).

The density of these discs was determined using a hydrostatic
technique based on Archimdes'prisciple (9). Perfluoro-l-methyldecalin
(Pierce Chemical Co.) was used as the liquid medium, and its-density was
calibrated before each measurement with a high-purity silico crystal
(D20C* 2.328gA I. An average density of 7.80 (S/Im)) was found for thediscs, which is greater than 9S1 of the calculated density of 0 2 0 3 (tI)(8.19 g/cg3 ). -

Pbanetic and Electrical Properties

PMgnetic measurements were performed using a Faraday balance (10).
The magnetic susceptibility was measured as a function of temperature from
liquid nitrogen to 300K at a field strength of 10.4 kOe. The data were then
corrected for core diamagnetism (-$2xlp- 4 em/g PhOs) (11). The lack of any
field dependency of the susceptibility showed the absence of ferromagnetic
ipuri t i es.



The van dew Pam sethod (I) was used to measure the electrical
resistivities. Contas were made by the ultrasonic soldering of adWim
divectly Coto the sintered discs of mhO0(lll). and their ohmic betavtors
were establisbed by measuring their current-voltagoe characteristics. The
Seebeck coefficient was obtained by applyin a temperature gradient to a
sintered disc of M20 3 (lll) and recording the resulting voltage difference.

ftsults sad Discussion

The crystal structre of U.O5 (tII) as first determised by
Siesterbos and Normstrs (5). The structure projected along the orthorAmbic
x-axis is showm in figure 1. All of tb rhodium tons are octahodrally coor-
dinsot by osryge ions, which in torn are bonded to four rhodium ions, It
cm be sees that psi"s of fftdI octahedra GUTar aces. and eOC& pair to
connected to another pair vithin the plane, and to pairs above ad below the
plae, by *am* of edige-sharing

" IIIl) prepared in this study was orhorti c (space group
Pbca). and Le folowing cell constants were deterlined: a* S. l46($A.
b*S. 440(1)1 and co14.71(1)A. These reslts are in good agreement with
those reported viously for M,(IIl) (2.5).

FtIC. l

Unit cell is the stinctur of h201 (lIt) as viewed SloG the
orthothoic a-sals.



The wagttc data for lb-O3CIIl) Shown irn figwy* 2 tdtato a woe&
wompovstwvesndepedmat psimpet im (Pauli parmagmet ic hekavior) with
,j a 150 x p0,6; uleSwow (tA~ O. S x10%.*mg mb.4o3). This bekavior impt ts
preoble doloealsa&em of electronns . 3O.

Electrical piwpeflies

Tb. Sm"Mretr wanlation of The electrical mistivity of
"MIll) Is the in Wigane 3;* the fesistivity iscmalos slightly (no

10-ce at i'm tmpevtre, to A10-vm at liquid Sitfoge twgwrauture. figlir 3
shews a cwmto "d yields a Masn Value for the act ivat ion OWTrg of
Iet 1*100.6 TUGis ldICatOO that fb,@ihlll) doesW stfollow typiCal9
somicomdiactr behavior. a valtie of *31600C ams obtaised for the Seobect
Coeffictest of " MI3 ll). The "iud of this Vomilt also Sug..ts
metallic bebsitor-.th *18. siadicates prodmisminly p-type omtorn

PIC. 2
vaniation of mapetic
O"C~tibility 'With

variatiorn of fW"lstivltp
with tolvwes for
1620 (1ItI)



TIe nometig ad electrical behavior oif ~ov3(lIj) may be oxplaioed
by asstag the sistefe. of MamvW d-bamd* and accepor lvel6 locatfid
slishtiy above 0hi0. Such bap"s r!ablr fon bocas each O
*bar*# a faco and oft*# vith svigb i* s octahedres. Corn~e y the tv
orbital$ of each odi~m to are aibsys dimsced to the 0ea"61 rnig*ortsg
Ybodiis ts" .mgt es diretes Is. t.4YO(ll). the ftf isac
acress the shard face is *oii'). tcb is similar to the .q~iveleat
distance repsOrtd for V:. vgystallilo& wh the vvlatod corvmdin
%tructure ad essesses fti bi onmed by q*-I Iterectiess (11.14).
Stec# metal -na1 distance* is thete rt nwtwes &I 4w for the overlapptas of
3d orbitals. it to expected 1Wa The *am overlap uy occur to ltbOjtllI).
cosidering The larger Veutessis of 4d mW furnrt iR. ft SVW*Vry uostor"
I Io"s. my overlap of owbitals across 6unrd edges my Olse oe ~~m *gyv
charucIe.

to 4 01(11) the #*lot~sc of aceppor levels lo0M0e soe
fIlled velesce 6&uds is COMOMIss With the0 esisuicO Of SWt') tAS. Ie
eshsteace of such acceptor le~el clog* to Che valeisce basE to COM618test
%*It* the omit observud baloiotise eerp ta16sd tfro 9wre 3, floctiro
fim it# filled valsg bind c~ easily be prowoted to the wtepor letvel.
leoaon bokied holes Auk, can give nse to the obsonvd pvt*W e%*Adwwtoo,

*A~ll)bha bees plepuA 0d -Cryatie 01ith* *110 sorwT0006C
coodi-flatia u.wo.e The bbildiq bloct of this fiwm"I Is Wm 0%
on ahodrow. w hick cam shame a co id egs with o. #**on*# oct&eWdrt
7%4i ty of beedig allows for the passblfly of direct A~oI-zsgdiup
or tEItettsisSp~bdifeisitetOcti, d-otO tdiuitf e
the eleqIrcol Md oep.11. povenhtot of the sd . (fill) have Posh
pomenpetiss. mE its eletincal behavior is ha~actenred by a omitl ati-
*etiss *Peggy, The 5eebeci .oeftieiust indleates ptpope todctm ThIS
bekow" is eftisinw with thw fovea uM of a t illed Ad60W. vlto fAIts
of rhtUM-oaip chancier, "d acceptor ltvels liTIg cle" to tohiowas.
These levels wre 60 to the pemt of a small t of ft(I1 to OWe
bFJ3(m).

The otemiwat" of the ga@ t pewamrI" as wilt as OWaN of
0 the tleetlical pow"e'tlM of 161%fil) ISadIttee that thi* OsiAe myw be

* ?be aaftte ld list to tbWA the atfice of uval Ar"8#4A.
"110116h., viwiaia. tot the g~rt of Ilmt Leive AW Uitb DO~ht
A.Iaw.Ieds"Re Is also so& to the fttemals bseartb tabmrtoryge
oft ateve biwtfeity.
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